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SUMMARY

. An experimental investigation of nine full-scale aux=fery air in-
lets immersed in a turbulent boundary layer was conducted at Mach num-
bers of 1.3, 1.5, and 2.0. Rectangular inlets with a turning angle of

. 10° end rectangular end circular inlets without turning were tested.
Also included were external-compression and simple-scoop Inlets.

Inlet pressure recovery and mass-flow ratios for various amounts of
immersion in the boundary layer were caupared with theoretical predic-
tions. Recoveries varied fran about 95 percent of theoretical in the
free stream to 80 percent with the inlets fully immersed, while the cor-
respending mass flows were usualLy above 95 percent of theoretical.. A
simple calculatim based on a stream-filamentmethod proved to be an
adequate approximation to more exact theoretical solutions.

Turning the flow 10° before diffusim resulted in pressure-recovery
losses of 0.03 and 0.07. External compression did not improve the pres-
sure recovery at critical operation over that of a normal-shock inlet.
Total-pressure distortions at the diffuser exit with critical inlet Q-
eration were usually under 5 percent.

INTRODUCTION

Auxiliary air intakes find application In supplyfng secondary air
for ejector nozzles as weU as air for accessory equipment. In either
application it Is necessary that the air handling characteristics of
the inlets be matched to the requirements of the caponents they supply.

r References 1 and 2, for example, illustrate the inlet-eJector matching
problem. It is shown in reference 1 that drag reductions may frequently .
be realized by immersing the auxillary Inlet in the boundary layer.

*
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Previous research has yielded some itiormaticm ml the performance ::”-
of auxiliary Inlets in a turbulent boundary layer. me performance of ; – ““””-..:
rectsngular inlets with turning (refs. 2 an@ 3) and +cular inlets with-
out turning (ref. 4) has been reported. Iti”addit~on,~the performance of ~ ‘-N.
boundary-layer removal systems under main air inlets is often a source ::“_~“,

-;;=

of auxiliary-inletdata. A systematic investigat~onwas deemed neces-
sary, however, to determine more ftiy the effect ;ofnow turning> in- :~ -;;ig;

let shape, and external compres~lon on auxi~lary-+qle ~performancein a ,,,,.. .:=
turbulent boundary layer. The results of sich an !in~-~tlgatloncon-
ducted in the 8- by 6-foot supersonic wind tunnel;of the NACA Lewis lab- 1
oratory are reported herein.
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The follawing symbols are used in this”reporti: -

i.-- -. ...,

-. :;., .
-.
.3

A

a

b

D

d

I

T

L

2

M

.

.. J-”.— -.4

-’

area

width of rectangular inlet (figs . _ . .-.
- ...

.—. -~
..-height of rectangular.inlet .L. .-

;=.

diffuser-exit inside diameter . : .

- .,
,i

..- r..
.

diameter of circular inlet ~

from edge of boimdaryl~er to point on In- ; ~:,_
to generating surface! ; —.:.:;

distance measured
let lip closest

distence measured
Inlet (positive

length of conical.

frcunedge of bdpndary’layer +0 centroid of ;, “;=
within bound- layer.(fig. 1)) , -— —.

.-—
-J

.

porticm of diffyser - ;:. .._.&
—

length of Inlet constant-area sec_tion ,..”.. .....-.

Mach number ,. -.—

ratio of mass flow In duct to mastiflaw ‘pa@fng through @ql’al
area in free stream

:“ :.. :: .-’-.,
.,-

P total pressure *. .! -w.,L .-<-. --

Al?
F-av

distortion parameter, difference betweerihighest and lowest
totel pressure divided by aver~e tot~ P+essure

,?,, . .———.+. . r
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* -..

,- .,.
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.
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T total temperature
.

Uc) veloci@ in free stream

u veloci~ in boundary layer

w weight fluw, (lb/see)/sq

$ Wc corrected weight flow, w

Y normal distance measured
surface

ft

i---

T &A4, (lb/see)/sq ft
= 2116

from boundary-layer generating

P conical diffuser included angle
M

3
8 boundary-layer thicl.mess

d
A

Q fluw turning angle
u

Subscripts:
.

0 free-stream conditions

1,2,3,4 inlet stations (fig. 1)

AEPARATUS AND PRcxmDuRE

This experiment essentially extends the work of reference 4 to fn-
clude nine additional inlet configurations of varying shape and turning
angle. Test Mach nudbers were 1.3, 1.5, and 2.0, and immersion rattos
1/8 were 1.0, 0.46, and free stream. The free-stream Reynolds number
per foot varied frcm 5.25x106 to 4.30xI.06over the Mach number range.
In all other respects, the apparatus and procedure were essentially the
same as in the investigation of reference 4.

NormAl-shock rectangular, circular, and scoop Inlets were tested.
Figure 1 depicts these inlets and gives dimensions and station numbers.
Figure 2 presents photographs of representative inlets for ccmrparison.
All inlets were shsrp lipped (normal-shock ltp angle is 8°) and, with
the exception of configuration IX, each inlet incorporated a constant-
area section approximately 3 inlet diameters long in order to maintain
maximmpressure recovery (ref. 4). The normal-shock inlets, config-
urations 1, II, V, and VI (figs. 1 and 2(b) aud (e)), incorporated in-

. ternal flow turning of 10° in the constant-area section between sta-
tions 1 end 2.

.
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Configurations VII and VIII (figs. 2(c)-and ($O)_~re external-
compression inlets with wedge half-angles of.lOO. ;The&e inl”etswere de-
Si ed to operate adjacent to the boundary-layer gene?%ting surface
(1~= 1.0) audat aMachnumherof 2.0. These ir+ets and configura-
tions III end IV did not include flow turning. C!opfi@ration VIII dif-
fered fra VII in that the wedge of configuration~Irwas cut off”at
the point In the boundary layer where the oblique ehocl detached from
the wedge. . —

, :.. ..—.,.

The scoop inlet (configurationIX) pictured Ipfl-gures 1 and 2(a)
was designed to represent the simplest inle~..that@uld be fabricated_.
by stamping. It was meant to operate adJacent to we ~nerating sur-
face with a height approximately equel to that of ~e~boundary layer.

.-
The diffuser dimensions and angles for:the inJet6 tested ere tabu-

lated in figure 1. Figure 2(f] pictures a Qiffuser-lnJet cagbinatton
with no turning lnstalJed for testing. “:_ : .= —.

+.:-- .
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METHOD OF CALCULATION T ,“

._.-

, ... -
A 1/9 power boundary-layer profile was~used f~r ~ theoretical

calculations. This equation, .-
~1/94 , :“

()

u
~=~

,1. .. :.!: ___

.,

is plotted in figure 3. Canparison of the Lhgoret+celproflle ~th ~?
experimentally“surveyedpr”dfile(fig. 3) Justlfies~its use. This pro-
file is slmllar to that used in reference 4..end,therefore, permits cam-.—
parlson of data frcm reference 4 with the dd-tiin $’his~~report.The .,
theoretical pressure recoveries and mass-floy rati(le.a$critical oPer-
ation can be calculated for normel-shock wets USM the me~od des-
cribedin reference 5. This method involveb a s@$lifying assumption
that total temperature is constant through we boupda~ layer. An”esti-
mate of the resulting error showed the theo~tical~mae~ flowe to be 1.5
percent too low for the worst case (small rectangular.inletadjacent to
the surface at ~ = 2.0).
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For critical cperation at design Mach qumber,;the_maas-fluwratios
for the external-cdnpressionInlets (configuratlon$~ and VIII) Are
the same as those for the normal-shock inlet of the seZW shape and area.
In calculations of the theoretical pressure;~ecove~ies-forthe externd.-
comrmession inlets, an area-weighted averag~~of th+ local oblique-shock— .
plus nonml-shock recovery was used. The above theori~s were used in ““-”
ccauputingthe values given In t@le I. “; _ - ._ 1
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An approximate calculation of critical mass flow
covery was made for the nonual-shock inlets using the

and pressure re-
stresm-filament

methcd of reference 1. For thts calculation, a 1/9 power profile was
substituted for the 1/7 power profile used in reference 1, and no dif-
fuser total-pressure loss was assumed.

DISCUSSION OF REStlLTS

Inlet maps with varying immersion ratios are presented in figure 4
for all configurations tested. Critical pressure recoveries and mass
flows frau these data are listed in table I for each caubination of Mach
number and immersion ratto.

In figure 5, the critical pressure recovery and mass-flow ratio of
~ach inlet are plotted as functions of the centroidal immersion ratio
1/8. Also plotted for comparison are values of pressure recovery and
mass flow calculated by the methods of references 1 and 5. ““Asthe in-

. lets were immersed In the boundary layer, their recoveries and mass

yielded velueswithln3 percent

those calculated by an amount
and varied cmly slightly with

flows decreased In the manner described by the theory. For most con-
figurations, the stream-filamentmethod

. of the more exact calculation (ref. 5).

The eqertmental values fell below
that increased with increased immersion
stream Mach number (fig. 6). Pressuzw recovery varied-frmu-95 to SO
percent of theoretical, and mass flow varied fraul~ to 95 percent of
theoretical as the inlets were immersed frczuthe free stream to the
boundary-layer generating surface. Larger errors were observed wtth the
simple scoop (configuration EI). This inlet exhibited relatiwly low
recovery because of Its abrupt turning and poor internal diffusion. It
exhibited relativel.ylow mass flow at low Mach nmbers (~ =1.3) as a
possible result of choking. The low mass-flow ratios exhibited (ftgs.
5(d) to (f)) ~ the e~e~-c~ressl~ wets (configurationsVII W
VIII) do not necessarily indicate large deviation frcautheory, since no
attempt was made to predict the obllque-shock spUlage expected frcza
such inlets at off-desigu speeds and imersion ratios.

To illustrate the effect of turning the flow, the pressure-
recovery - mass-flow plots of figure 7 ~re presented. Superimposing
the plot for rectangular Inlets with 10 turning on that for no turning
shows that the pressure recovery was decreased by @ 0.03 at
1/8 = 1.0. Practically no effect is shown with the inlet operating in the
free stream (figs. 7(a) end (b)). Ccauparisonof configurations I and 11
(circular inlets, figs. 7(c) and (d)) to like configurations in refer-

. ence 4 (figs. 7(c) and (g) of ref. 4) shows a 0.07 total-pressure loss
for the small circular inlet (confi~ration I) at 1/5 = 0.46 and

.
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M. = 2.0 and 1.5. A 10B6 of approximateU &,0.02.iF no>ed for the UX6S ., ..
circular inlet (configurationII) for like.condltj.ens. .—. — ...

,.

The external-cmnpression Wets (configurationsWI and VIII) in-
vestigated shuwed little huprovement over ~e s~le fiormsl-shockinlet
when both were fully immersed in the boundiry layer @/b = 1). F@ur~
8 superimposes the two external-ccmrpressioq-inlet;pe~ormancemaps on
that of the normal-shock inl.et.at 1/8 =1;0 and! ~ = 2.0. Critlcel
pressure recoveries remained the same for W three inlets, while the
criticel mass flow decreased 0.07 for configuration~~. The mass”f16W
for configuration VIII (short wedge) was 0.=Q3hi@er than that of the
full-length wedge (configurationVII). This was to b~ e~ected becaus%
of the removal of the wedge at the shock detachment fi~nt in the bound-
sry layer (see fig. 1, configurationVIII)._ ~ ~

Distortion values for all configuratlqns are;presented in figure
9. The approxhnate average distortion at Qritica+ ~~ratlon was 5 per-
cent. Amaximum distortion.of 23 percent :9 showg fo~-the scoop”inlet”
(configuration IX). .- .—

.-. ,-,-

Although the data are not shown, pressure fluctu~tlms at the dif-
fuser exit were approximately 3 percent of,free-streeiitotal preskure:
The maximum fluctuation was 7 percent for c~tilgur@@n VII (external--
compression). ,. ..-
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STJMMARYOF RESULTS : - .!

. . —

The internal performance of a series of,circ~lma~”addrectangular”
auxiliary air inlets was obtained at varying immerszqn heights iii-a ‘-
turbulent boundary layer. The configuratlqnswere tqited at Mach gum>
hers of 1.3, 1.5, mid 2.0. Results were aS folloys: ~

1. Experimental values of pressure redovery ~arl&d from 95 to 80”
percent of theoretical, while mass fluw vd~ed fr~ ~ “to95 percent
of theoretical as the inlets were immersedfin the~btidary layer.- ‘–

—
2. A simple calculation utilizing the,centro+d of the inlet area

(stresm-fIlsment method) gave a gocd a~roxa.uatiop OK theoretic~,prek-
sure recovery and mass fluw. —.~. = -.
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3. Turning of the flow through en anQe of l?O @thlg the n-ctan- : –
gular inlets decreased the Wet pressure ficove~by a~ of O.~;”-” “
In the case of the circuk inlets, a decrgfe of:O.~-was noted f“or j ----

the small inlet. .:, ,-. :~.,.. ““”-.- .- .—
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4. In the caaeB teeted, the use of external compression gave neg-.
ligible improvement in tnlet performance with the imlet fulJy immersed
in the boundary layer.

5. Average distortion of the flaw at critical operation fOr all in-
lets tested was approximately 5 percent.

1

Lewis Flight Propulsion Laboratory
National Adtisory Ccmmittee for Aeronautics

Cleveland, Ohio, October 24, 1956 ‘
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Figure 3. - Rxzndary-layer profIles ahead of inlet (inlet not
present).
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